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ABSTRACT 

I n  reviewing the  quest ion a f  t he  c h a r a i t e r  of la rge-sca le  

motions on the  Sun i t  is concluded t h a t  the  motion i n  the  s o l a r  

photosphere is predominantly c i r c n l a t o r y ,  which coincides with 

the  r e s u l t s  a r r i v e d  at  i n  r e f ,  C81, It i s  es t ab l i shed  t h a t  the 

c h a r a c t e r i s t i c  dimensions of c i r c u l a t i o n  vary with the  phase of 

s o l a r  a c t i v i t y .  While f o r  the  Northern hemisphere the  dimensions 

decrease toward the  s o l a r  a c t i v i t y  minimum, the opposi te  takes  pla- 

ce i n  the  Southern hemisphere. 

l."'lfh'ere a r e  var ious opinions about the  cha rac te r  of la rge-  

s c a l e  motions i n  the  Sun's photosphere, Cer ta in  au thors ,  such as 

f o r  example P l a s k e t t  C 1 ,  21, consider  t h i s  as a h ierarchy of t u r -  

bulent  motions, o the r s ,  such as Bjerknes [3, 41 - t h a t  i t  is a c i r -  

cu la t ion .  Data on n a t u r a l  motions along l a t i t u d e  of nonrecurrent 

sunspot  groups were processed i n  a s e r i e s  of works by one of  the 

au thors  c5, 6 ,  7 ,  81. It was shown on the  b a s i s  of these  inves t iga-  

t i o n s  t h a t  t h e  la rge-sca le  motions have a c i r c u l a t o r y  charac ter .  

* K voprosu o k h a r a k $ e ~ e  krupnomasshatbnykh dvizheniyakh v fo tos fe re  
Solntsa ._ .. . 



The ob jec t  of the  present  work is t o  determine t h e  cha- 

r a c t e r  of la rge-sca le  motions by a method d i f f e r e n t  from those 

appl ied e a r l i e r .  

2. The Sun's photosphere mat te r  may f ind  i t s e l f  i n  one of 

the  following s t a t e s  of motion: 1 )  t u r b u l e n t ,  2 )  eddy and 3) c i s -  

culatory.  Poss ib le  a l s o  a re  combinations of these t h r e e  forms of 

motion. Le t  us s e l e c t  f o r  the  c h a r a c t e r i s t i c  of the  type of motion 

t h e  p ro jec t ion  module i n  a d i r e c t i o n  passing through the  poin ts  

4 and 0, of the  d i f fe renoe  Avl,, of v e l o c i t i e s  a t  these  two 

po in t s .  This d i f f e rence  is a s p e c i f i c  fuiction of t h e  d is tance  

h l ,  between the  po in t s  4 and 02, whose form is dependent 

on the  type of motion. e ,  i n  case of a tu rbu len t  motion 

It is p r a c t i c a l  t o  u s e .  d.d, &, p a i r  of  po in t s  4 and O2 sunspots  

o r  the  centers  of g r a v i t y  of sunspot groups, whether r ecu r ren t  o r  

not .  For the  app l i ca t ion  of  t h a t  method,'it  is necessary t o  know 

t h e  components of motion v e l o c i t y  by l a t i t u k e  as well as by lon- 

gi tude.  We dispose only of  d a t a  on the  motion component along the  

l a t i t u d e  of  sunspot group cen te r s  of g r a v i t y  C5, 81. We thus have 

t o  modify i n  a corresponding manner the  method of v e l o c i t y  d i f f e -  

rences. _. 
3. Assume t h a t  any la rge-sca le  s t a t i o n a r y  flows a r e  absent 

i n  t h e  photosphere mat te r  (when speaking o f  photosphere mat te r  

motion we understand motions determined according t o  sunspot motion) 

We s h a l l  take f o r  the  direckkon 0102the d i r e c t i o n  N - S ,  and 
/ 

we s h a l l  take t h e  spo t s  s i t u a t e d  on any p a r a l l e l b ( ~ i  we s h a l l  then 

p r o j e c t  the  v e l o c i t y  components of t h e i r  motions by l a t i t u d e  on 

t h e  meridian. L e t  us designate b y  V: t h e  p ro jec t ion  va lue ,  

where i is t h e  number of  t h e  s p o t  and 4?-- the l a t i t u d e .  Le t  us 

form the  mean value of v e l o c i t y  ,gmojection: 



Since t u r b u l e n t  motions were considered,  t he  quan t i t y  V p  must 

be nea r  zero  and i t  must no t  depend on the  l a t i t u d e  Q, ( T7Je assume 

t h a t  t u r b u l e n t  motions a r e  equal  a t  all l a t i t u d e s  ). The smal lness  

of  V9 fol lows frora t h e  f a c t  t h a t  i n  :urb.al.ent rhotiionis d i r e c t  and 

inve r se  motions have the  same p r o b a b i l i t y .  

L e t  us compose the  equat ion 

- 
pwing fash ion  : we take  the  l a t i t u d e  i n t e r -  . . 

v d  I= =+.t'b - where l) is a  c e r t a i n  f i x e d  quant i ty .  The whole 

l a t i t u d e  i n t e r v a l  f o r  which q u a n t i t i e s  Ve e x i s t ,  i s  broken 

-.up i n t o  i n t e r v a l s  @ The breakup is done as follows : each f o l l o -  

wing i n t e r v a l  has  -s f i r s t  po in t  P lo degree d i s t a n t  i n  l a t i t u d e  
j 

from the  f i r s t  po in t  o f  t h e  preceding i n t e r v a l  ( s ee  Fig.  1 ) :  

A t  such breaking up the  f i r s t  po in t  of  t h e  f i r s t  i n t e r v a l  coin- 

c i d e s  with qA, and t h e  last po in t  of  t h e  last i n t e r v a l  PQcoinci-  

des  with PR. The quan t i t y  n khikh is ;&e nanibksr. o f  inSer%ds Laid 
a 

i n t o  -$- decreases  with  t h e  i n c r e a s e  of t h e  quan t i t y  dc). The 

q u a n t i t i e s  -1 $&&,;, pi,; were a l s o  taken by us e i t h e r  a. whole degrees 
\ 

o r  as a sum o f  a whole number and h a l f  a degree,  That i s  why t h e  

quan t i t y  n i s  determined from t h e  fol lowing express ion  



4. The fundamental expression ( 1 )  acquires  a d i f f e r e n t  

form, depending upon t h e  type of motion. The c r i t e r i o n  proposed 
us 

by,for the  determinat ion of  t h e  type of motion of  photosphere 

ma t t e r  is p r e c i s e l y  based upon t h a t  d i s t i n c t i o n .  

a )  The motion of photosphere mat te r  has  only a turbulent  

cha rac te r .  I n  t h i s  case Vq7 must not depend on '(9, i. e. V+, is  a 
.L 

random quant i ty  o s c i l l a t i n g  wi th in  c e r t a i n  limits. This  follows 

from the  f a c t  t h a t  a l l  s o r t s  of ve loc i ty  va lues  and d i r e c t i o n s  

e x i s t  i n  the tu rbu len t  as wel l  as i n  an eddy motion. Therefore 

the  quant i ty  
1 

5ince i n  our ~ a s e  . is  a f i n i t e  number i of po in t s ,  Vq has 

a  c e r t a i n  magnitude. The value Vq f o r  a neighboring quant i ty  p 

i s  casual .  That i s  why the  magnitude of the  module of d i f f e rence  

i n  (1) depends on V as a random quant i ty ,  not  dependent on the  

quan t i ty  AQ. L e t  us designate  the  mean value of  t h i s  random quan- 

t i t y  by AT; we = h t ~ ; i b ~  + w e  f o r  .any value of Aq: 

motion the  quan t i ty  Vn (Av) is  dependqnt on n e i t h e r  ra nor&. 

Le t  us cons t ruc t  a graph by p l a t t i n g  i n  the  absc i s sa  axis Aq,and 

i n  o rd ina te  axis \mn . The graph must present  a str&ight l i n e  - 
p a r a l l e l  t o  the  a b s c i s s a  a x i s  i n  case of e i t h e r  tu rbu len t  o r  eddy 

motions. Natura l ly ,  a r e a l  graph Piil l  no t  present  a p rec i se  s t r a i g h t  

l i n e  becnase of poss ib le  random de f l ec t ions  of the  quant i ty  [Wl1 
from t h e  constant  value. However, a smoothed average f o r  such a 

graph must be s u f f i c i e n t l y  p a r a l l e l  t o  the  a b s c i s s a  ax is .  

b) L e t  us consider  the  case ,  when the  motion of photosphere 

mat te r  has  the cha rac te r  o f . s t a t i o n a r y  motions. The poss ib le  var ious 



conf igura t ions  of  these  flows will no t  now be taken i n t o  account. 

We s h a l l  assume t h a t  t h e  quan t i t y  VV is a  c e r t a i n  continuous 
,- 

func t ion  o f  9; Then the  d i f f e r ence  LVQ~-VQ~+AV/ f o r  var ious  
P 

s m a l l r  values  of  A9 w i l l  a l s o  be s m a l l .  Designat ing by ATT t h e  
dvv mean value of t h e  d e r i v a t i v e  - and t a k i n g  out  t he  express ion  
dP 

A ~ A B  beyond the  s i g n  o f  t he  sum, we o b t a i n  : 

i. e. i t  is proportior,- t o  49. H o ~ e v a s ,  f o r  gr-ear; v d u e s  of A* 
we may no longe r  cons ider  t h a t  t h e  d i f f e r ence  i!v&w;'r is - 
~ r o ~ o r t i o n d  t o  PQ. I n  t he  @id t h e  graph of m,degendence  on 

i d  represen ted  i n  t h e  fol lowing form : 8)  f o r  S~H&L values  of  

--.by a s e c t i o n  o.f:straigbt. l i q e  ipasa ing  throsglz, $he o r i g i n  of  t he  

coord ina tes  ; b) f o r  g r e a t  va lues  of  AQ i t  presen ts  a c e r t a i n  

dependence d i f f e r e n t  from const .  ; c )  i f  t h e r e  i s  a tu rbu len t  a s  

:el1 as a s t a t i o n a r y  motion, t h e  graph of m n  dependence on 

must c o n s t i t u t e  a sum of  graphs. Consequently i t  must be t h e  

curve of t h e  case b), disp laced  i n  p a r a l l e l  with t h e  a b s c i s s a  

ax i s .  

Thus, we may judge on t h e  cha rac t e r  o f  the  motion of 

photosphere ma t t e r  by the  shape of  t he  graph o f  mn dependence 

on A+. 

Assume now t h a t  t h e  s t a t i o n a r y  motion, o r  t o  be more pre- 

c i s e ,  t he  dependence of V v  on l a t i t u d e ,  has  a c e r t a i n  p e c u l i a r i -  

t y  with  the  per iod  89. OIle may expect i n  such case t h a t  

w i l l  a l s o  have a p e c u l i a r i t y  with t h e  per iod  89. Consequently, from 

t h e  graph of ihVIn dependence on AV we may determine c e r t a i n  cha- 

r a c t e r i s t i c  dimensions i n  the  s t a t i o n a r y  motion. I n  our  case  they  

w i l l  be t he  d iaens ions  o f  t h e  motion a long  l a t i t u d e  of  the  photo- 

sphe re  mat ter .  
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p o i n t s  t o  a c i r c u i a t o r ? ~  c k z r a c t e r  o f  l a r g e - s c a l e  n o t i c x s ,  
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h e x i s p h e r e  t h e y  a r e  more s t e a d y ,  and this co inc ide ,% i-:l-r,r :: 

e:.- : -css ivene-s  o f  'i;!ic: c u r v e s  foj: Mhe i:'ort'!.iey~n h e ~ i ?  



It is v i s i b l e  t h a t  t h e  curves  f o r  t h e  Southern hemisphere a r e  b e t t e r  

expressed  f o r  t h e  y e a r s  o f  cyc l e  No.12 than  f o r  those  o f  t h e  cyc l e  

Ro.13. T h i s  co inc ides  wi th  a g r e a t e r  s t a b i l i t y  o f  d i r e c t i o n s  o f  

extremum displacement  i n  t h e  Southern hemisphere o f  t h e  cyc le  No.12. 

Fig. 2 

Fig ,  4 Fig .  5 

Such agreement of va r ious  c h a r a c t e r i s t i c s  o f  photosphere 

m a t t e r  motion,  ob t a ined  by d i f f e r e n t  raethods, l e a d s  t o  t h e  con- 

c l u s i o n  o f  c o r r e c t n e s s  of  both  methods. 



A lowering of the  curve i s  v i s i b l e  at c e r t a i n  p laces  of 

t h e  Figures  2, 3,  4, 5. Such lowerings r e l a t i v e  t o  the  general  

course take place f o r  all curves. The basc i s sa  values of the  

middle p a r t s  o f 3 h e s e  lowerings (marked by v e r t i c a l  traits) are 

p l o t t e d  i n  Fig. 7 f o r  the  Northern hemisphere and i n  Fig.  8 f o r  

t h e  Southern hemisphere. Years a r e  p l o t t e d  i n  the  absc i s sa  a x i s  

on all these drawings and the  va lues  of b a s c i s s a  of t h e  middle 

of lowerings - i n  t h e  ord ina te  axes of Fig. 2, 3 ,  4 and 5. 



The dimensions of  t h e  r e c t i l i n e a r  p a r t  of  t h e  flow were computed 

i n  [111. There no s u b d i v i s i o n  by hemispheres and by years  of S b Z a r  

activity. cycle w a s  e f f e c t e d .  Because o f  t h a t  t h e  dimensions of 

t h e  r e c t i l i n e a r  p a r t  of  t h e  f low ob ta ined  i n  El11 c o n s t i t u t e  mean 

dimensions,  co inc id ing  wi th  t h e  mean value  of t h e  o r d i n a t e . o f  t h e  . 
lower  curve o f  Fig .  7. The 'ordinates  of t h a t  curve vary  from 5 to 

1 3 O ,  which g ive s  9' as an average o r ,  conve r t i ng  i n t o  k i l ome te r s ,  

100000km. Th i s  q u a n t i t y  ag ree s  we l l  wi th  t h e  e s t ima te  given i n  C111. 

I * There fo re ,  i f  one cons ide r s  that p o s i t i o n s  o f  t k e  - I+! rmnlma 

correspond t o  t h e  c h a r a c t e r i s t i c  dimensions o f  t h e  c i r c u l a t i o n ,  

t h e  curves  of  F ig . ?  and 8 g ive  t h e  course  o f  v a r i a t i o n  of  t he se  

dimension% wi th  t h e  phase o f  t h e  s o l a r  cyc le .  These dimensions a r e  

I? ) multiples of the least .  

It may be s e e n  t h a t  t h e  c h a r a c t e r i s t i c  dimensions of  c i r cu -  

l a t i o n  va ry  wi th  t h e  phase of t h e  s o l a r  a c t i v i t y  cyc le .  A t  t h e  same 

t ime f o r  t h e  Northern hemisphere they  decrease  toward t h e  s o l a r  

a c t i v i t y  Unimum, and f o r  t h e  Southern hemisphere- they  i n c r e a s e .  

i s  plc 

e curve o f  mean annual va lue s  o f  d a i l y  r e l a t i v e  numbers 

.ed i n  Fig .  9.  

Fig .  7 Fig .  8 



- 

Fig. 9 

1 I l I h U  m 
A s  a r e s u l t  of thZ current  work the  fol lowing conclusions 

can be derived : 

1. Large-scale motions i n  the  s o l a r  photosphere have appa- 

r e n t l y  a c i r c u l a t o r y  cha rac te r ,  which agrees wel l  with the conclu- 

s i o n  reached i n  f 81. 

2, The c h a r a c t e r i s t i c  dimensions of t h e  ' c i r cu la t ion  vary 

with the phasg of s o l a r  a c t i v i t y ,  with the  dimensions decreasing 

toward the  s o l a r  a c t i v i t y  minimum i n  the  Northern hemisphere, and 

i n c r e a s i n g  i n  th,e Southern hemisphere, 

3.  The l e a s t  E l a r i t y  of the  curves of mn dependence 

on A y i s  observed a t  p laces  where the  d i r e c t i o n s  of extremum 

s h i f t s  of v e l o c i t y  f i e l d  obtained i n  C81 vary more f requent ly .  

*****  THE END *****  
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